As part of the planned Jefferson Laboratory's electron accelerator (CEBAF) power upgrade, ten additional superconducting RF cryomodules will be added to its accelerator linacs. Although physically the same size as each of the original 40 linac cryomodules, each new cryomodule will have approximately 4 times the acceleration power. To support the additional cryomodule heat loads generated, the existing 2K, 4600W Central Helium Liquefier (CHL) plant capacity will be doubled to a total of 9200W at 2K plus 24,000W at 35K for shield loads. The specified base line process cycle has been modeled after the laboratory's "Ganni Helium Cycle" process technology. In addition, a fourth physics experimental "Hall D" will be constructed which will have an additional stand alone 200W at 4K helium cryogenic plant. In October of 2008, Jefferson Laboratory (JLab) received approval for project "Critical Decision 3" construction phase status from the US Department of Energy. An overview of the planned cryogenic systems and current design baseline as it relates to operations will be presented.
INTRODUCTION

Current 6 GeV CEBAF Facility Overview
The CEBAF 6 GeV electron accelerator ring produces three electron beams which pass around the accelerator up to 5 times. The beams are accelerated within two 2.1 K linacs before entering any of three CEBAF experimental halls (Halls A, B, and C). Each linac provides 0.6 GeV of energy increase during each beam pass through 20 superconducting RF cryomodules. Conventional water cooled magnets are used to turn the beams in the ring end arcs. An additional 2-1/4 cryomodules provide beam acceleration as part of the facility's beam injector. An allowance for adding up to 5 future cryomodules in each linac was made when CEBAF was first designed. Each current cryomodule contains 1350 liters of 2.1 K liquid helium which is maintained by level control. A pressure of 3.95 kPa (0.039 atmospheres) is maintained over the liquid by a combination of variable speed control of a multi stage centrifugal cold compressor set and a modest amount of electrical heat within each cryomodule. Including the cryogen distribution piping system, the total refrigeration load is 4.25 kW at 2.1 K plus 11.6 kW at 35 K for shield loads. The current CEBAF plant, CHL#1 [1] , provides up to 4.6 kW at 2.1 K, 12 kW at 35 K, and 10 g/s of liquefaction. The plant is equipped with two identical 245 g/s, 5 stage centrifugal cold compressor trains. Only one train operation is required to support 6 GeV beam. CHL#1 has been modified for unattended operation and uses Jefferson Lab's patented "Floating Pressure" technology which improved plant efficiency for partial load conditions while increasing system reliability and operational stability over its required wide operating domain. CHL#1 operates continuously for planned periods of 5-7 years between scheduled major system maintenance. During this time, the plant supports individual cryomodule warming and re-cooling as needed while maintaining accelerator 2.1 K operation.
GeV CEBAF CHL Modifications
An overview of the planned accelerator modification is depicted in FIGURE 1. The number of cryomodules in each CEBAF linac will be increased to 25 with the addition of 5 new high powered cryomodules. Each new cryomodule has approximately 4 times more accelerating power than the original CEBAF design and will contain only 250 liters of liquid helium. Each of the new cryomodules will produce up to 300 W at 2.1 K plus 300 W at 35 K of additional refrigeration load. A fifth beam arc pass will be added to the west end of the accelerator and a new experimental Hall D will be added to the east end of the facility.
CHL#2 CHL#1 LINAC LINAC
To meet the 12 GeV refrigeration requirements of the accelerator, a second 4.5 K refrigerator (CHL#2) and warm helium compressors with nearly identical capacity, except for a liquefaction rate increase to 15 g/s, will be added. Each refrigerator will be configured to supply cryogens to one of the two linacs and coupled to one of two existing CEBAF cold compressor trains. The current distribution piping design already allows each linac to be isolated and connected separately to each refrigerator. The distribution system [2] is already adequately sized for the additional 12 GeV flow requirements. As with the current CHL#1 operational requirements, a very large continuous 4.5 K to 2.1 K operating domain with partial refrigeration and liquefaction conditions are required. To accomplish this with low capital equipment cost while retaining high operational efficiency under all conditions, Jefferson Lab has chosen the Ganni Cycle as the baseline thermodynamic process design.
The CHL#2 equipment layout is shown in FIGURE 2. The CHL#2 refrigerator will consist of two cold box vessels due to its physical size. The first cold box will consist of the large higher temperature heat exchangers, LN 2 pre-cooling piping, and 80 K absorber vessels. This cold box will provide refrigeration from 300 to 80 K. To be located outside of the Central Helium Liquefier building on an existing foundation, it will have an advantage of close proximity to existing 80,000 liter LN 2 nitrogen storage dewars and will allow venting nitrogen pre-cool gas out-of-doors. The location also provides easy access for crane placement during its installation or major servicing at a later date.
The second component cold box will consist of the expansion turbines, the lower temperature heat exchangers, and a 20 K absorber vessel. It is to be located indoors in an existing CHL#1 building which contains one of the two existing cold compressor cold boxes. The two refrigerator cold boxes will be joined by transfer line piping at the 80 K temperature level. Additional transfer lines will interconnect the lower temperature cold box to the cold compressors. A 10,000 liter liquid helium dewar will be installed and fitted with a sub cooler to provide stability of the 4.5 K supercritical supply temperature to the linac. It will also serve as liquid storage for cryomodule maintenance periods. 
FIGURE 2. 12GeV CHL#2 equipment layout
To house the new warm helium compressors, a 446 m 2 (4800 ft 2 ) compressor building is currently under construction next to the CHL#2 refrigerator building. Two stages of warm helium compressors will be used to supply helium gas to the 4.5 K refrigerator. The compressors consist of three 596 kW (800 hp) and one 1862 kW (2500 hp) motor drives for the first and second stages, respectively. A fifth compressor, referred to as the "load compressor" consists of an additional 596 kW compressor that is identical to the first stage design. At full refrigeration capacity the plant will use approximately 4 MW of electrical power as compared to 5.2 MW used by CHL#1. The plant will be provided with a spare 1862 kW compressor which will serve as either a first or second stage compressor if an emergency compressor repair is required.
A pipe trench and underground electrical conduits within the compressor building provides both cost effective helium process and utility connections to the compressors.
Three stages of oil coalescing filtration and a final charcoal filtration vessel will reduce oil contamination to less than 1 ppb before the helium gas enters into the 4.5 K refrigerator. The system control system will be modeled after the control system developed for the Spallation Neutron Source 2300 W @ 2.1 K refrigeration system. The system has been designed for unattended operation with local PLC control hardware and EPICS control software. Primary and secondary 5 MW, 4160V electrical substations and 250 l/s cooling water towers provide the basic plant utilities.
Hall D 4.5 K Refrigerator
A new experimental Hall D is planned for the 12 GeV upgrade. The hall has a requirement for up to 100 W of 4.5 K refrigeration plus 0.7 g/s of helium liquefaction in support of a small superconducting magnet, lead cooling, and transfer line losses. The site plan for this facility is depicted in FIGURE 3. To support this refrigeration, a currently warehoused 200W CTI Model 2800 along with two 18 g/s, 100 kW (135 hp) helium screw compressors will be installed within a new 60 m 2 (640 ft 2 ) support building.
CRYOGENICS BUILDING
FIGURE 3. Hall D refrigerator site plan
The refrigerator will be supported by a 10,000 liter nitrogen dewar for helium gas pre-cooling, a single 113 m 3 (4,000 ft 3 ) gaseous helium storage vessel, and a 1,000 liter liquid helium dewar that is fitted with a helium gas subcooler. The system will be integrated into the gas purification system of the nearby linac for system contamination elimination and for the source of purified helium gas. The refrigerator will be modified to the Jefferson Lab's "Floating Pressure" technology and to incorporate unattended operation capability. The local control system will be PLC hardware with EPICS software.
Present Status
The project is currently in CD-3 status (Construction). The CHL#2 and Hall D refrigerator civil design requirements have been completed with the new CHL#2 compressor building construction well underway. Vendor bids for the 4.5K refrigerator have been received and are currently being evaluated. The 200W 4.5K Hall D refrigerator is currently being refurbished in preparation of installation. Preliminary requests for information from possible vendors for the CHL warm helium compressors have been released. The current project schedule is given as follows. Hall D Refrigerator Commissioning
Current Schedule Dates
